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I. INTRODUCTION

A. General. This report is a record of the Transportation Corps role
during Exercise WILLOW FREEZE. The exercise was a semicontrolled
maneuver conducted in five phases in Alaska during the winter of 1960..61.
The fourth phase was a field exercise'played from 9 through 17 February
1961. The maneuver was held in the Copper River Basin in an area approx-
imately 75 miles long from north to south and 25 miles wide frbm east to
west. The terrain is adverse, varying from low mountains in the north to
flat, roking terrain in the south. The climate is subarctic. Temperature
in the maneuver area ranged from -370 to +1 30F. The snow cover varied
from 15 inches in the south to 4 to 5 feet in the north, and was approxi-
mately 2 feet deep in the center of the maneuver area.

B. Logistical Organization. One objective of Exercise WILLOW
FREEZE was the determination of the logistical organization required to
support independent and widely dispersed forces operating in an undevelopce
northern area during the winter. The concept that was evaluated during this
exercise is known as general support organization. This organization is
planned on an area basis: general support bases are established as needed
to support the direct support groups that support the task forces. Task
forces range in size from independent battle groups to divisions.

C. Transportation Corps Mission. The mission of the Transportation
Corps was to evaluate the equipment discussed in sec. II, par. C and man-
ner of employment as used in the logistical support of two battle groups
operating over adverse terrain in a subarctic region in the wintertime.
Annex A contains the operation order.

II. SUMMARY

A. General. Exercise WILLOW FREEZE involved two reinforced
battle groups, U. S. Forces and Aggressor Forces, operating independently.
Each battle group was supported by a direct support group; these groups
were supported by a general support base (Gulkana General Support Base).
The direct support groups were established to reinforce the battle group
field trains with supplies and limited maintenance. The general support
base (GSB) had operational control over the direct support group (DSG)
which supported the U. S. Forces; the commanding officer of the Aggressor
Forces exercised operational control over the direct support group which
supported him.

B. U. S. Army Transportation Board (USATCB) Task Detachment
Listica port. USATCB support consisted of providing the two battle
groups with high-capacity, off-road equipment. The USATCB Task Detach-
monat was divided into three elements with equipment allocated as follows.



1. General Support Base. The Overland Train, Mark I (Cargo
Transporter, O0ff-Road Train: High Mobility, 45-Ton Capacity) was under
the operational control of Gulkana General Support Base during the entire
exercise. Initially the train was used in the line of communication between
the Gulkana General Support Base and the U. S. Forces' direct support
group. It did not prove feasible to operate it over the type of terrain in
which the U. S. Forces were located without a semiprepared trail. * Con-
sequently, on the fifth day of the exercise, the employment of the train was
changed, and it was used to provide logistical support between the Guikana
General Support Base and the Aggressor Forces' battle group.

2. U. S. Forces.

a. Cargo Transporter, Off-Road, Large Wheel,
10-Ton, 4-Wheel, Ml ....... ........ ... 3

b. Transporter, Liquid, Rolling Wheel Type,
1,000-Gallon, Ml (RLT) ..... ............ 5

c. Tractor, Cargo (M8A2) ...... ............ 3

d. Wagner 4-Track Transporter ............. .. 1

3. Aggressor Forces.

a. Nodwell Carrier RN 110 ..... ............ 5

b. Cargo Transporter, Off-Road, Large Wheel,
10-Ton, 4-Wheel, MI ....... ........... 2

c. Rolli-Trailer ..... ................. .. 1

d. RLT, MI ........ ................... 5
(These RLT's were obtained from the Aggressor's battle
group field trains.)

* In this report a semiprepared trail is used to mean a trail that has been
broken by a bulldozer. In the type of terrain found in the maneuver area,
a semiprepared trail can be traversed by tracked vehicles, but not by
standard wheeled vehicles. Wheeled vehicles require a prepared trail.
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1. Overland Train, Mark I. The train was unleaded and aseem-

bled at Palmer, Alaska. Movement from Palmer to Chlkana--a distance of
143 miles--was over a standard, two-lane highway. The transit was suc-
cessful although the size of the train necessitated bypassing ns narrow
bridge. Ue parts of this hard-surfaced road were covered with ice and
snow. The first 73 miles had a number of relatively sharp curves and sam
inclines of approximately 8 percent; the remainder of the road was flat with
gentle, rolling slopes. The train had adequate:power and traction to move
over this road without difficulty at an average speed of 8 miled per hoar.
The fuel consumption rate was 1.5 miles per gallon. This was an excellent
performance for a cargo carrier of such size and weight.

During the initial phase of the maneuver, the train had to break
its own trail through a scrub forest, and as a result the front section of the
power car and one of the powered cargo trailers were damaged slightly.
Two tires were punctured by the metallic-like, splintered stumps of the
frozen trees pushed over by the train. The resulting difficulties demon-
strated that successful operation of the train over such terrain requires a
semiprepared trail. In the latter phase of the maneuver the train was oper-
ated 9.5 miles over a trail prepared by an engineer unit, using balldosers.
After one bulldozer broke down and another bogged in the muskeg, the train
traveled 3.5 miles farther while breaking its own trail. At this point, a
third tire was punctured by a frozen stump. During the time required to
change the wheel assembly (rim and tire), the exercise was concluded and
orders were received to return the train to Mile 1", Richardson Highway.

The major problem encountered with the train was punctured
tires. This was the result of the type of tires used and of eperating the
train over totally unprepared routes. The tires were only 10-ply and proved
unsatisfactory for off-road use over the terrain encountered in the maneuver
area. All of the punctures occurred on the power car: two simultaneously,
one on the right rear and one on the right front; later the left roar tire was
punctured. Since the train was not equipped with a spare wheel assembly
(rim and tire), valuable time was lost while waiting for wheel assemblies to
be brought from the general support base. After the spare wheel assemblies
were mounted, it was observed that there was no clearance between the
frame of the power car and the tires. This caused further delay while the
new wheel assemblies were exchanged with old oaes on a powered cago
trailer. The now wheel assemblies performed satisfactorily on the powered
cargo trailer. The lack of a lifting device on the frost section of the power
car complicated the changing of the front wheel assembly and required the
use of a field expedient.
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Previous operating experience showed that the wheel motors
were apt to overheat in temperatures above +400 F. This tendency was
watched closely, both on the movement to the maneuver area and during the
maneuver; no overheating occurred.

The electrical braking system on the powered cargo trailers
ldcks automatically when the power car is immobilized: immobilization of
the power car prevents the exciting of the braking system. The braking
system can be released manually, but it is a tedious and time-consuming
task. This characteristic could seriously affect the accomplishment of a
mission.

The capability of the power car and the capacity of the 15-ten
powered cargo trailers were tested, to the extreme in some instances, and
proved quite satisfactory. The train successfully negotiated inclines of 50
percent and side slopes of 18 percent.

The performance of the Overland Train, Mark I during this
exercise demonstrated that it provides an excellent means of cross-country
logistical support if operated over a semiprepared trail. Its usefulness and
percent of availability would be appreciably increased by modifying it as
detailed in section IV and making field maintenance immediately available.

2. Cargo Transaorter, MI. The limited use made of these
trailers precluded comprehensive evaluation. Forty miles was the greatest
distance any one of these trailers was towed. Operation demonstrated that
the tongue was weak and the turning radius too great.. Further evaluation is
necessary to determine the capability of this trailer.

3. loli Li uid Transporter JRLT), MI. The Rolling Liquid
Transporter, MI, is a reliable and excellent means of moving bulk fuel over
adverse terrain. No punctures or mechanical failures occurred during the
exercise although the transporters were towed over unimproved roads and
acreos country. Only minimum maintenance was required; availability was
100 percent. The refueling of vehicles is often delayed because fuel can be
dispensed from only one cell of the RLT at the time. The feasibility of
dispensing fuel from both cells simultaneously should be investigated.

4. Rolli-Trailer. The tongue of this vehicle should be lengthened
to allow its prime mover a greater turning radius. The restricted use made
of the vehicle prevented adequate evaluation.

S. Nodwell Carrier RN 110. The Nodwell Carrier proved to be a
very capable and versatile vehicle. During this exercise it was used to
provide close-in logistical support to a battle group. Its overall performance
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indicated that it is suitable for use in a tactical situation in a subarctic
region. The performance of this vehicle during this exercise was published
as a separate report. *

6. Wagner 4-Track Transporter. Evaluation of this vehicle was
the responsibility of United States Army, Alaska.

. D. Divisions of Report. A fuller account of this exercise is given in
section V. Anx A is the operation order, annex B shows daily temperature
range during the exercise; annex C describes the performance of the Over-
land Train in detail; references are listed in snex D.

III. CONCLUSIONS

A. Overland Train, Mark I.

1. Without a semiprepared trail and equipped with 10-ply tires,
the train is not suited for operation ever adverse terrain such as that en-
countered in the maneuver area.

2. The train was not employed in a manner which permitted a
fair or conclusive test of its capability.

3. The train has sufficient power and traction to negotiate de
slopes encountered in the maneuver area (5S percent inclines, 18 percent
slide slopes).

B. Cargo Transporter, MI. These transporters were never fully com-
mitted; therefore, a thorough evaluation was not possible. However, the
limited use made of them indicated that they may prove useful in off-road
operations.

C. 8olig Liquid Transporter, MI.

1. The RLT proved to be most capable and satisfactory.

2. It provides an easy method of moving bulk fuel forward in areas
inaccessible to wheeled tankers.

* "Final Report, Nodwell Carrier RN 110, Phase I: Subarctic Evaluation,
1961, 1"U. S. Army Transportation Board, Fort Eustis, Virginia.
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3. On-vehicle materiel permits the dispensing of fuel from only
one cell at a time.

D. Rolli-Trailer. The limited use made of the Rolli-Trailer did not
permit adequate evaluation. I

IV. RECOMMENDATIONS :

A. Overland Train, Mark I.

1. The train be equipped with metal-reinforced tires or tires of
more than 10-ply.

2. A lifting device be installed on the front section of the power
car to facilitate changing the front wheel assembly in the field.

3. A tire repair kit be provided as on-vehicle materiel so that
small tire punctures may be repaired in the field without removing the
wheel assenmbly or separating the tire from the rim.

4. A spare wheel assembly rack be installed on the train.

5. A simple and practical method of releasing the electric braking
system be installed on the powered cargo trailers to facilitate moving them
with prime movers other than the power car.

6. The bumper on the power car be extended to protect the front
section and to help prepare a trail.

7. Field maintenance should be immediately available regardless
of the train's location.

8. A mobile service unit be designed and procured. This unit
should be equipped with a crane having a 7- to 8-ton lifting capacity at a
10-foot radius and a blade capable of preparing a trail suitable for any large
oif-road vehicle or train.

B. Cargo Transporter, MI.

1. The tongue be strengthened.

2. The turning radius be decreased.

3. Metal-reinforced tires be used.

4. Be modified as described above and further evaluated.

6



C. itolling Liquid Transporter, MI.

1. The feasibility of dispensing fuel from both cefls simultaneously
be investigated.

2. All RLT personnel be thoroughly trained in its operation and
maintenance.

D. Rolli-Trailer.

1. The tongue be lengthened to give the prime mover a greater
turning radius.

2. Be further evaluated over adverse terrain.

V. DISCUSSIONi

A. Maneuver Area (f4s. 1 and 2). The maneuver area covered about
1, 875 square miles, extending 75 miles from north to.south and 25 miles
from east to west. It is bordered n the snh by the Glenn Highway, on the
east by the Richardson Highway, n the nortk by the J tosaai g ihway, aod on
the west by a line generally following the Maclaren River, MAsse: Creek,
the eastern shore of Lake Louise, and the Lake Leuse Road. The total
distance from Anchorage to the Gulkama Gesnral Support DUse via the Glenn
Highway is 191 miles.

In the southern part of the maneuver area, the land varies from
very flat to gently rolling terrain with numerous ponds and lakes. Charac-
terized by a series of rounded knobs, the ridges that form the foothills of
the Alaska lange extend into the northern part of the maneuver area. Vege-
tation varies from high forest, coneisting ad white spruce 4 to U feet tall,
to the tundra vegetation of the higher slopes of the northern ridges. The
predominant vegetation in the southern lowland is brush and Low forest,
trees 20 to 40 feet high and brush 5 to 20 feet high. The north portiu is
characterized by brush, consisting of dwarf birch and willow 2 to 8 feet tall.
The muskeg areas occurring along flat-bottom depressions and drainage ways
have brush 2 to 5 feet high and a thick layer of spengy moss, sedges, and
cotton grass covering deposits of peat. loads are practically meestnt.
All movement in the area was across country: some movement was ever
semiprspared trails, some over totally unprepared routes.

B. Weather. For the greater part of the maneuver period, the
weather was clear and cold. The ambient temperature ranged from +180
to approximately -37 ° F. Daily temperature ranges are given in annex B.
At the beginning and again near the end of the exercise there were heavy
snowfalls.
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C. Persoemi. The number of officers assigned was adequate. There
were noacrflical MOB (EM) shortages;~ however. after USARAL as signed
additional vehicles (tbree MW&A's and me Wagner 4-Track Transporter),
the number ol personnel assigned to the UBATCD Task Detachment was in-
adequate:.for 24-hour operations.

1. Overland Train, Mark I (11A. 3).

a. !Ma!arun The Overland Train was designed by U. S.
Army TrnprainRsearch Commiand in 1955 and delivered to the
Transportation Corps in February 1956. The train, consisting of a power
car and three 15-tea powered cargo trailers, was designed to operate over
snow-free as well as snow-covered terrain. Engineer and service tests
were conduc ted at Houghton, Michigan, on the Greenland Icecap, and at
Fort Stery, Virginia. On the Greenland Iecap, the train was operated
Z, 460 miles over established trails. It moved a given amount ef cargo at a
rate am and oe-half times faster than a tractor- sled swing. The results
of the tests describeod above were so encouraging that it was considered
feasible to uses the Overland Train, Mark I-acress country and over reads
not suitable for standard wheeled vehicles as a logistical carrier in general
support of a battle group during Exercise WILLOW FRZEZ.

b. Princ&!.a characteristics.

Power car Powered cargo trailer

Length 486 in. 534 in.
Width, overall 168 in. 168 in.

Height, overall 176 in. 176 in.

Weight 58, 580 lb 30, 380 lb
Wheelbase 600 in. 600 in.

Turning radius 65 ft 65 ft

Ground clearance 36 in. 36 in.

Fuel capacity 500 gal.-----

Payload----------------------------30, 000 lb

Speed, maximum 17 mph-----
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Power car Powered cargo trailer

Tires

Size 48x68, 120-in 48x68, 120-in.
diam. 10-ply diam, 10-ply

Pressure 10 to 12 psi 10 to 12 psi

Inflation 15 lb 1S lb

Engine

Type Cummins diesel
VT-12

Horsepower 600 at 2100 rpm-------------

c. Crew. No TOE has been established for the train although
it has been type cl-asified as standard B. A crew of six (one officer and
five enlisted men) operated it during this exercise. Operating the train was
the primary duty of all personnel. Additional duties included diesel-electric
repair and signal operations. With this crew, the train can be operated
round-the-clock. Required maintenance can be performed during operation.

d. Performance. The train was under the operational con-
trol of the general support base (0SB) located at Gulkana, Alaska. The
operations plan provided for it to be employed as a cross-country logistical
cargo carrier in support of a battle group.

The train arrived in USARAL during the first week of
January. Because of limitations imposed by bridge dimensions and road
clearances, it was unleaded and assembled at Palmer, approximately 35
miles north of Fort Richardson. It was initially planned to move the train
immediately to the exercise area for a scheduled premaneuver checkout.
Because of the delayed arrival of supporting tools and equipment and
USAAAL's plan to place an maneuver equipment on public display, the train
did not leave for the maneuver area until 30 January.

Movement from Palmer to the exercise area at Gulkana--
a distance of 143 miles--gave an opportunity to observe and evaluate the
feasibility of moving the train over a standard, two-lane highway. The ab-
normal characteristics of the train made it necessary to employ an escort
while traveling on the highway. The transit was successful although the
height and width of the train made it necessary to bypass one small, narrow
bridge.

The road was hard-surfaced; some portions were covered
with ice and snow. The first 73 miles efrAmdwore characterized by inclines
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not in excess of 8 percent and relatively sharp curves; the remainder was
flat with only gentle, rolling slopes. The train had sufficient power and
traction to make this road movement without difficulty. The average spt.ed
of the train over the highway was 8 miles per hour; fuel consumption was
1.5 miles per gallon. This performance was excellent for a cargo carrier
of such size and weight.

During the initial phase of the maneuver, it was necessary
for the train to break its own trail through the forest. As a result, the
front section of the power car and one of the powered cargo trailers were
damaged slightly.

During the latter phase, a semiprepared trail was made
for the train. Terrain analysis was made by aerial and surface recomnais-
sance. A Weasel (M29C) was used to reconnoiter the trail ahead and ex-
pedite movement.

The carrying capacity of 15 tons per powered cargo
trailer and the capability of the power car were tested to the extreme in
many instances. The train successfully negotiated inclines of 50 percent
and side slopes of 18 percent.

The major problem encountered with the train was punc-
tured tires. This was the result of the type of tires used (10-ply) and oper-
ating the train over an unprepared route. Light forest, consisting mostly
of scrub pine, covered approximately 75 percent of this terrain. The trees
splinter when broken off and, being frozen, remain exceedingly hard--
almost metallic. It is highly probable that these same broken trees would
have punctured tires of more than 10 ply. This experience demonstrated
that the 10-ply tires used on the Overland Train are inadequate for off-road
use over the rugged terrain encountered in the Gulkana Maneuver Area.

All three tire punctures occurred on the power car of the
train. Two of the tire punctures occurred simultaneously on the right rear
and right front of the power car. As presently constructed, the rear wheel
assemblies (a rim and tire constitute a wheel assembly) on the power car
and all of the wheel assemblies on the powered cargo trailers can be
changed in the field by using the jib crane mounted on the rear section of
the power car. No means has been provided for lifting and changing the
front wheel assembly (2, 322 pounds) in the field. This lack of a lifting de-
vice on the front section of the power car made a field expedient necessary.
The front wheel assembly was changed by using chain, cables, and a 6,000-
pound forklift mounted on a Wagner 4-Track Transporter. After the simul-
taneous punctures on the power car, spare wheel assemblies were trans-
ported to the train from the general support base. The rims of these wheel

13



assemblis were a now type, designeod by U. S. Army Transportation
Research Command. After the right front wheal assembly was secured to
the hub, it was discovered that the rim of the new wheel assembly did not
provide any clearance between the tire and the frame of the power car. The
original wheel assembly, installed by the manufacturer, provided a 3-inch
clearance. Because of this lack of clearance, the new wheel assemblies
had to be removed from the power car and exchanged for old wheel assem-
bliss from a powered cargo trailer to prevent further tire damage. The
new wheel assemblies were mounted on the powered cargo trailer and no
further difficulty of this type was experienced.

When the power car is immobilized, the electrical braking
system on the powered cargo trailers locks automatically and prevents the
powered cargo trailers from being moved by any other prime mover unless
the system is released manually. Manual release is difficult and time con-
suming. This characteristic could seriously affect the accomplishment of
a mission.

Through past experience it was found that the wheel motors
had a tendency to overheat in temperatures above +40P F. The wheel
motors were closely observed on the road movement from Palmer to
Gulkana and also during the exercise itself. During this period the wheel
motors did not overheat.

2. Cargo Transporter, Off-Road, Large Wheel, 10-Ton, 4-Wheel,
Ml (fig. 4).

a. Background. This vehicle was designed to replace tractor-
drawn sleds used to transport cargo over snow-covered or other adverse
terrain. Its performance on the Greenland Icecap was so satisfactory that
it was decided to employ it in Exercise WILLOW FREEZE as a logistical
carrier.

b. Principal characteristics.

Length, overall 474 in.

Width
Overall 168 in.

Wheels and stub axles removed 96 in.

Height, overall 144 in.

Tires

Size 48x68, 120-in. diam, 10-ply
Pressure 10 to 12 psi
Inflation 10 lb.

14
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Turning radius 65.5 ft

Cargo area 197 sq ft

Payload 10 tons

c. Performance. While the trailers were being positioned in
the USATCB maintenance area before the exercise began, one of the units
(trailer and 5-ton M52 truck tractor) jackknifed because of the icy ground.
This jackknifing was not serious as the truck tractor was moving at approxi-
matelj 1 mile per hour and the trailer was empty; however, the tongue of
the trailer bent.

The Aggressor Forces were not able to use the two trailers
allocated them because of the rugged terrain in their part of the maneuver
area--the northern half. The trails were too narrow and had nurbme s
turns which the trailers could not negotiate because of their excessive turn-
ing radius.

The U. S. Forces made only a limited use of the trailers
allocated them: they used them between their direct support group and their
forward units as mobile supply dumps. No trailer was towed more than 40
miles during the entire exercise. Cargo tractors (MSA2) were designated
as prime movers for the trailers.

The limited use made of the trailer precluded adequate
evaluation; nevertheless, it was determined that the turning radius is too
great and the tongue weak.

3. Rolling Liquid Transporter, MI (fig. 5).

a. Background. This 1, 000-gallon transporter was designed
to provide an economical and efficient method of transporting liquids in
areas where it is not practical or possible to use conventional transportation.
Exercise WILLOW FREEZE was conducted over such terrain and presented

an excellent opportunity for testing the capabilities of the Rolling Liquid
Transporter (RLT), MI.

b. Principal characteristics.

Length, overall 138 in.

Width, overall 98 in.

Height, overall 64 in.

Payload 1,000 gal.

16



Weight

Empty 2, 240 lb

Loaded 8, 840 lb

Fuel cell 64x42xl8 in.

Brakes Air, hydraulic

Figure 5. Rolling Liquid Transporter, MI.

c. Performance. The U. S. Forces used their five RLT's
to haul POL from their direct support group to their battle group. The
prime movers used to tow the RLT's were 3/4- and 2-1/2-ton trucks.
There were no mechanical failures or punctured tires. Some difficulty was
experienced in the dispensing of POL because of frozen fuel lines and dis-
pensing valves. This difficulty was the result of using personnel who did
not know how to employ or operate the RLT.

The USATCB Task Detachment supporting the Aggressor
Forces also had five RLT's which were used to transport POL from their
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direct support group to their battle group. These vehicles were towed by
Nedwell Carrier RN III's over unimproved roads and across country. N
lpuntures or mechanical falreso occurred during the period the vehicls
were being operated by ths, UfMATCB Task Detachment.

The- RLT's provided an excellent means for the rapid
movement of bulk fuel over adverse terrain. TheO transporters a..e"atd
areas whire standard wheeled vehicle tankers boiged dawn. Minttmance

" required during the maneuver was negligible and availability was 106 per-
cent.

Vehicles were often delayed because fuel can be dispensed
from only one cell at a time: there is only one set of OVM on an 3LT. The
feasibility of dispensing fuel from both cells simultaneously should be in-
vestigated.

4. Rolli-Trailer, 3-Ton (fig. 6).

a. Background. This trailer was assembled by combisai a
3-ton cargo bed and two rolling liquid transporters (MI). It is designed to
transport 2,000 gallons of bulk POL in the fuel cells and 3 tons of general
cargo in the trailer bed. It is also capable of floating wdle transporting
its rated payload of dry cargo if the fuel cells are empty.

b. Principal characteristics.

Length overall 336 in.

Width, overall 104 in.

Height, overall 102 in.

Weight

Net 6, 750 lb

Gross 25, 350 lb

Wheelbase 196 in.

Brakes Air, hydraulic

Payload

Dry cargo 6, 000 lb

POL 2,000 gal.

18
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thu ice O(nly one of theme trailer@ was used dwtqz
thi exrcse.ItwasalocaedtheAgresorForces. Because a =*&NOl

prie mverwas not available, the trailer was uased frthe st tic ago
of & OL orthe first 5 dasof the ercs.When aprimemoeb-

cam available a&teiit a fteexercise, the talrwas moved fr
ward approximately 5 miles. At this point, the tongue broke because the
prime mover turned too sharply. The vehicle was deadlined during the rest
of the exercise.
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ANNEX A

OPERATION ORDBR

C COPY NO.
0 US Army Transportation Environmental Operations Group

* P Fort Eustis, Virginia
Y 301200 December 1960

Operation Order 9 (WILLOW FREEZE, Project #EO 2270. 2406-61)

Effective this date, US Army Transportation Environmental Operations

Group Operation Plan (WILLOW FREEZE, Project #EO 2270.2406-61,

271400 October 1960) - Assumptions confirmed - is designated USATREOG

Operation Order 9 (WILLOW FREEZE, Project #EO 2270.2406-61).

// Pretty
t4 PRETTY

Major
DISTRIBUTION: S

5- OCOFT, ATTN: CAD
2 - CO, USAROAL, ATTN: TO
2 - CO, USARAL Support Command, ATTN: TO
2 - USA TRZCOM, ATTN: Lt Col Campbell
2 - ACOFS, 03, USATTC
2 - ACOFS, 04, USATTC
2 - USATCDG
2 - QMR&X, ATTN: Dr Anstey
1 - USA WJS, ATTN: Mr Knight
1 - USA LLL, ATTN: Lt Col Bekker
1 -Sigal &D
1- USA ERDL
1 - USA TUC
5 - 54, USATREOG
5 - P5O, USATREOG
3 31, USATREOG

40 - 53, USATREOG
I - Avn, USATREOG
1 - Iq Co, USATREOG

OFFICIAL:

/a/ Tucker
/t/ TUCKER

Asst S3
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V C COPY NO.
0 US Army Transportation Environmental

P Operations Group
Y Fort Eustis, Virginia

271400 Oct 1960

Operations Plan: E. 0. 2270. 2406-61 (WILLOW FREEZE) *

References:
a. Initial Maneuver Plan, Exercise Willow Freeze, dated 20 July 1960,

Hqs, USARAL.
b. 1st Indorsement, TCCAD-E, Hq DAOCT, 16 June 1960 to letter,

TCEOG-S3, Hq USATREOG, 17 May 1960, subject: Lease or
Purchase of Commercial Items of Equipment.

c. Maps: 1:50,000 of area to be traversed, as required.

Task Organization: See Annex A.

I. SITUATION.
a. Enemy Forces- Aggressaruiftsprovided by USARAL. See Annex

B (Intelligence) to Maneuver Plan, Exercise Willow Freeze.
b. Friendly Forces: Provided by USARAL. See Annex A (Troop List)

to Maneuver Plan Exercise Willow Freeze.
c. Attachments and Detachments: None.
d. Assumptions:

(1) That OCOFT will authorize USATREOG to obtain the task vehi-
cles listed in the Bill of Materials which are necessary-to
accomplish the assigned mission.

(2) That USARAL will provide logistical support outlined in
Appendix 9 to Annex K, Maneuver Plan Exercise Willow
Freeze.

(3) That USATREOG equipment and personnel will be assigned to
CG, USARAL and further attached to USARAL Support Com-
mand for operational control.

(4) That unit integrity will be maintained to insure adequate test-
ing of equipment.

(5) That sufficient trained personnel and tow vehicles will be made
available for Rolling Liquid Transporters utilization by both
battle groups.

(6) That MHE will be available at transfer points, especially that
of the Overland Train.

The annexes to this plan listing personnel, fund requirements, and bill
of materials have not been included here in this copy of the operations
plan.
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2. MISSION. To evaluate TC equipment and doctrine to be used in logisti-
cal support of 30's operating in adverse terrain and/or northern lati-
tudes and to further test the feasibility of off-road trailers in the role
of mobile supply points, operating with independent, smell units for
short durations.

3. EXECUTION.
Concept of Operations:
a. Project equipment will be shipped from points of procurennt or

present locations to TO, USARAL Support Conmmand, Fort
Richardson, Alaska, to arrive not later than 8 Jan 1961.

b. USATReOG task element personnel will arrive at Fort Richardson,
Alaska on/or about 8 Jan 1961.

c. USATREOG equipment and personnel will move to the Gulkana Sup-
port Base on order and, during the period 8-18 Feb 1961, partici-
pate in Exercise Willow Freeze for the purpose of evaluating
equipment listed in sub-paragraph 4 below.

d. USATREOG equipment participating in Exercise Willow Freeze is
as follows:

(1) US Forces - 187th Inf
Overland Train (1)
Off-Road Trailers (3)
Rolling Liquid Transporters (7)

(2) AggressorForces- 23d Inf
Nodwell Transporters (5)
Off-Road Trailers (2)
Rolli-Trailer (1)

4. ADMINISTRATION AND LOGISTICS.
a. Administration: Administrative records and support will be main-

tained by USATREOG.
b. Logistics:

(1) Supply: Task element OIC will accomplish supply action with
G-4, USARAL.

(2) Funding: See Annex B.
(3) Evacuation and Hospitalization: USARAL, Fort Richardson,

Alaska.
(4) Transportation:

(a) USATREOG personnel will travel to and from Fort
Richardson, Alaska, via comnmercial and/or military
air, to arrive not later than 8 Jan 1961.

(b) USATREOG will provide the following vehicles required
for logistical support during, Exercise Willow Freee:

M29C Weasel 2
Overland Train 1
Off-Road Trailers 5
Nodwell Transporters 5
Rolling Liquid Transporters 7
Rolli-Trailer 1
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S. COMMAND AND.SIONAL.

a. Signal:I
Current S81 will apply.

b. Command:
(1) Overall: CO, USATR.ZOG through Projec', Officer.
(2) Project Officer: An directed by CO, USATREOG.

/s/ Dawson
At / DAWSON

Lt Col

Annex A - Personnel
Annex B - Fund Requirements
Annex C - Bill of Materials
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ANNECX 3

DAILY TEMPERATURE RANGE RECORDED DURING FIELD EXERCISE

These temperatures were recorded by th. official weather bureau at
Gulkana Airfield, Alaska. Temperatures in the maneuver area varied
somewhat from these temperatures by as much as plus or minus 100 F.

Date Temperature, Fahrenheit

February 1961 High LOW

7 +18 +8a

8 +18 +12

9 +18 + 5

10 +17 -14

11 +17 -21

12 + 5 -26

13 + 1 -27

14 + 5 - 9

1s +11 -9

16 + 9 -2

17 +12 -6
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ANNEX C

DETAILED ACCOUNT OF PERFORMANCE OF OVERLAND TRAIN, MARK I

1. ASSEMBLING TRAIN..

a. Plan. USATCB operational plans for Exercise WILLOW
FREEZE included conducting premaneuver evaluation tests of Transporta-
tion Corps equipment as soon as it arrived at the Gulkana General Support
Base. These tests were intended to give the USATCB Task Detachment ex-
perience in operating their equipment in subarctic environment. Plans also
provided for the Overland Train to be unloaded and assembled at Palmer,
approximately 35 miles north of Fort Richardson, because of the dimensions
of the bridge that spans the KXnik Arm. As soon as the train was operational,
it was to move from Palmer to the general support base at Gulkana via the
Glenn Higkway.

b. Arrival of Equipment. The disassembled Overland Train
arrived in USARAL during the first week of January, but the remainder of
the TC equipment and supporting items did not arrive until the fourth week
of January. The special tools needed to assemble the Overland Train were
in the second shipment. This delay made it necessary to borrow tools and
use field expedients to assemble the train.

c. Procedure. A 50-ton crane was obtained from the Alaska
Railroad and a 6,000-pond forklift was brought from Fort Richardson.
Handicapped by lack of proper tools and adverse weather, the unloading and
assembig. ;of'.'the train began on 11 January (figs. 7 through 11). The
ground was rough and covered with ice and some snow: this made forklift
operations very difficult. The temperature during this period was -300 F;
the wind velocity was a constant 15 miles per hour.

Despite the difficult working conditions, the train was unloaded
and assembled in 221 man-hours. Previously working under ideal conditions
this same operation had required 200 man-hours. This 221 man-hours in-
cluded 19 hours of forklift operation and 12 hours of crane operation.

On 16 January the train was operational and ready for the road
movement to the general support base (GSB) at Oulkana; however, the train
was not dispatched to Oulkana until 30 January. It was detained at Palmer
as a part of a display of maneuver equipment made by USAIRAL on 30
January. As a result of this delay, premaneuver evaluation tests were not
conducted.
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Figure 7. Preparing to unload the power car of the
Overland Train at Palmer.

Figure 8. Inspecting power car for possible damage
in transit.
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Figure 9. Cutting tiedowns.

Figure 10. Placing power car on cribbing, using
SO-toncrane.
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I.M.

Figure 11. Assembling powered cargo trailers, securing wheels
to hubs.

2. ROAD MOVEMENT TO MANEUVER AREA.

a. Description of Road. The Glenn Highway is 187 miles long,
extending from Anchorage to the Glenn Highway-Richardson Highway Junc-
tion. The general support base (GSB) was located at Gulkana on the
Richardson Highway, 3 miles north of this junction. Figure 12 shows the
route from Palmer to Gulkana.

The Glenn Highway is an all-weather, hard-surfaced road;
it is 24 feet wide and has uneven shoulders. During the winter, the snow
is usually cleared for a width of 26 feet to permit two-way traffic.

Road reconnaissance made before the train began the highway
movement from Palmer to the GSB, a distance of 143 miles, showed the
highway was covered with ice. Unsanded 'new ice, " caused by water seep-
age running across the highway, is common and prevailed from Mile 55 to
Mile 90. This condition was worse on steep grades where road cuts have
been made along the mountains. The road from Palmer to Mile 120 is
characterized by many sharp curves and steep grades.
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The clearancea of the bridles and the load capacities of both
bridges and culverts along the highway were sufficient to accommodass the
train with the exception of the King Diver Bridge at Mile 76. This bridge
has a vertical clearance of 11 feet 6 inches and is 12 feet I inches wide which
necessitated bypassing it.

b. - S!gS!!4 of Moveme Serial. The abnormal sise of
the train a it necessary to move it a; an G12 p ;dent march unit: a unit
completely separated from the remainder of the military traffic. The Over-
lead Train march unit consisted of: one highway patrolman; two military
police pilot vehicles; me 20-ton, truck-mounted crane; one 2 1/2-tou cargo
truck; and the Overland Train.

c. Movement. Movement to the 053 began at 11S hours 30
January. Immediately after leaving Palmer (Mile 47, Glenn Highwa-). the
train began to ascend a hill that has approximately a 6 percent incline.
During the ascent the engine began to overheat and subsequently cut off.
The ambient temperature was - 320 F. At this time the train was equipped
with a suction fan which did not have a clutch thermostatic control fan hub
assembly. -lack of this clutch control caused the fan to tar& cosninaeusly.
In. an effort to regulate the temperature in the engine compartment iad per-
mit the engine to run at its proper operating temperature, a portion of the
radiator had been covered. The road movement was halted while the radi-
ator was uncovered. After the engine had e¢led-sufficienty, the road move.
meat was resumed; the ongine did not overheat again. The engine was left
uncovered throughout the rest of the exercise. (After the exercise, a thermo-
static clutch control was installed. )

The train arrived at the King River Bridge (Mile 76) on the
first day of the movement at 1530 hours. The bridge was bypassed by
crossing the frozen river where it was 35 yards wide. The banks of the
river were even and gentle; the bypass was made without difficulty or
engineer preparation.

The road from Mile 55 to Mile 90 is characterized by some
hills, curves, and a few side slopes. As a result of this and the iced condi-
tion of the road, it was believed the train would have a tendency to slide;
however, the train passed over this section of the road with no trouble.

It was also believed that it would he difficult to traverse the
area around Caribou Creek. The road descends rather sharply for approxi-
mately 1.5 miles to the Caribou Creek Bridge (Mile IIS.5) where it abruptly
begins ascending until it levels off at Mile 118. Ia this area the road was
completely covered with ice. Although the entire hill had been sanded, the
crew of the train was apprehensive. Again much to the surprise of everyone,
the train crossed this area without trouble.
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The remainder of the road to the GSB was relatively flat, and

the train continued its movement to the G$B without difficulty.

3. OPERATION IN SUPPORT OF U. S. FORCES.

a. Mission. On 9 February the train was loaded with approxi-
mately 25 tons of a Gnunition and 5 tons of rations. This was dAsignated as
the U. S. Forces' basic load and was due at their direct support group (DSO)
within 24 hours after the exercise began. (The exercise began 10 February.)
Orders provided for this cargo to be moved to the DSG, approximately 18
miles, by the most direct overland route. An aerial reconnaissance was
made; then a short surface reconnaissance was made in an M29C Weasel. A
route was selected along an old tractor trace. The aerial reconnaissance
showid that this was the only feasible cross-country route in the entire south
portion of the maneuver area.

b. Procedure. On 10 February, the train left the 0SB and
started to move along the tractor trace, which was approximately 8 feet wide;
no trail was prepared. The trace ran west through a dense forest in which
the trees were 4 to 6 inches in diameter and less than 10 feet apart. The
train moved over this route, knocking down trees continuously (figs. 13, 14,
and 15). When trees were knocked over by the wheels of the train, stumps,
usually 6 to 8 inches high, were left (fig. 16). These stumps often damaged
the tires, either cutting or puncturing them (fig. 17). The chassis of one of
the powered cargo trailers was damaged by the trunk of a tree becoming
lodged between a wheel and the bed: the circumference of the tree, 1 foot
above its roots, was 47 inches (fig. 18). The train averaged approximately
I mile per hour while traversing this esafemely difficult terrain.

c. Difficulties Encountered.

(1) Punctured tires. The train moved along the tractor trace
for approximately 3 miles before the two tires on the right side of the power
car were punctured simultaneously. The right front tire was punctured by a
stump of undetermined size; the right rear tire was punctured by a sharp
piece of frozen birch, about 2 inches in diameter, which completely pene-
trated the tire. The right front tire was severely damaged by the puncture,
an 8-inch break developed all the way through the tire; this puncture made it
necessary to change the right front wheel assembly. (A wheel assembly con-
sists of a rim and tire.) Although the frozen birch stump completely pene-
trated the right rear tire, the hole in the tire was small and could have been
repaired temporarily if a tire repair kit had been available. Lack of a tire
repair kit necessitated changing the rear wheel assembly too.

All spare wheel assemblies were stored at the GS: no
provision has been made for the train to carry a spare wheel assembly.

32



-I

Figure 13. Overland Train moving over tractor trace.

Figure 14. Power car pushing over scrub trees.
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Figure I5. Side view of powered cargo trailer traversiag
tractor trace.

Figure 16. Two trees, approximately 4 inches in diameter
knocked over by right front wheel of power
car.
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Figure 17. Tire damaged by tree stump.

Figure 18. Large tree uprooted by powered cargo trailer.
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Tools, spare wheel assemblies, and other equipment required to make the
repair were transported to the train from the 0B by another test vehicle
(Wagner 4-Track Transporter). Since there is no lifting device on the frost
of the train to facilitate changing the front wheel assembly (2, 322 pounds) in
the field, a field expedient was devised. A second trip was made to the GB
by the Wagner 4-Track Transporter to get a 6,000-pound forklift to lift the
front of the power car. This field expedient is explained below.

(2) Changing wheel assemblies. Changing the rear wheel as-
sembly was not difficult and was accomplished in approximately 3 hours. A
20-ton railroad Jack was used to lift the rear wheel assembly. The jib crane

installed on the rear section of the power car was used to remove the wheel

assembly with the punctured tire and also to mount a spare wheel assembly.

Changing the right front wheel assembly proved to be

quite difficult. Facing aft, the 6, 000-pound forklift was secured to the':: trailer bed of the Wagner 4-Track Transporter with chains, and cables were
attached to the forks (fig. 19). The right front axle of the power car was

.4 
r

Figure 19. Forklift secured on Wagner Transporter.
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raised by using a 20-ton railroad jack. The Wagner 4-Track Transporter
was positioned so as to place the forks immediately above the wheel assem-
bly. The wheel assembly was secured to the forks with a sling. With the
lift capability of the forklift and a backward and forward movement of the
Wagner 4-Track Transporter, the wheel was removed from the hub. The
spare wheel assembly was put on the hub by following basically the same
procedurewas just describdd. It took 8 hours to make this repair. The
temperature averaged -200 F.

(3) .Jamming of wheel assembly. When the exercise began,
the train was equipped with wheel assemblies installed by the manufacturer.
The spare wheel assemblies all had a new type rim that was designed by the
United States Army Transportation Research Command. After the spare
assembly had been secured to the right front hub of the power car, it was
found that there was no clearance between the frame of the power car and
the tire (fig. 20). The original wheel assembly allowed a 3-inch clearance
(fig. 21). Since it was obvious that none of the spare wheel assemblies would
give the necessary clearance, one of the original wheel assemblies was re-
moved from a powered cargo trailer and mounted on the front hub of the
power car and the spare (new) wheel assembly was installed on the powered
cargo trailer. Later at the base camp, it was discovered that the tire of the
other new wheel assembly which had been installed on the right rear of the
power car was also rubbing against the frame of the power car. Continued
operation of the train with the wheel in this condition would have resulted in
severe damage to the tire. Because of this condition, wheel assemblies
were again exchanged between the power car and a powered cargo trailer.
This exchange was made by using a 5-ton wrecker (M62). The new wheel
assemblies performed satisfactorily when mounted on the powered cargo
trailer.

d. Return to General Support Base. The tire punctures and en-
suing difficulties which resulted from operating the train over heavily
forested terrain without a prepared trail proved that it was virtually im-
possible to operate the train over the old tractor trace. Consequently the
crew and train were ordered to return to the GSB.

4. OPERATION IN SUPPORT OF AGGRESSOR FORCES.

a. Situation. Since operation of the train in support of the U. S.
Forces, located in the southern part of the maneuver area, proved most
unsuccessful, it was decided to use the train to provide logistical support to
the Aggressor Forces who were in the northern part of the maneuver area.
The fact that the Aggressor Forces had moved south more rapidly than bad
been anticipated made it necessary to establish a main supply route (MSR)
about halfway between the GSB and the Aggressor DPG. The route wts reson-
noitered and an MSR was selected. It ran from the GSB 43 miles northover
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Figure 20. New wheel assembly mounted an right frost hub of
power car, showing lack of clearance between
frame of power car and tire.

[1,

Figure 21. Original wheel assembly, showing 3-inch
clearance between frame of power car and
tire.
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the Richardson Highway to Mile 160 and then 15 miles west across country
to intersect the Aggressor Forces' route. It was planned to prepare an over-
land trail along the 15-mile, cross-country part of the MR with bulldoners.
This situation presented an opportunity to operate the train across country
over a semiprepared trail. Furthermore a heavy snowfall in this area in-
creased the likelihood of a successful operation of the train.

b. Mission. The new mission of the train was to provide logisti-
cal support between the Gulkana Gener'1 Support Base and the Aggressor
Forces' battle group by transporting supplies over the MSR described above.

c. Procedure.

(1) Initial movement of the train. On 13 February the train
was checked out mechanically; then loaded with 30 tons of POL and 10 tons of
rations. The following day, it proceeded along the Richardson Highway to
Mile 160. Upon arriving at this point, it was necessary to wait for the engi-
neers to prepare the cross-country trail into the maneuver area. The next
morning, the train resumed its movement along the semiprepared trail which
was in very good condition and posed no problems (fig. 22). The train
averaged from 3 to 5 miles per hour without difficulty. Care was taken to be
sure the trail was clear and there was no danger of the tires being punctured.

Figure 22. Semiprepared trail in northern part of
maneuver area.
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(2) River crossing. The train continued to move along this
semiprepared trail for approximately 5. 5 miles before it reached the Gulkana
River where an ice bridge had to be constructed (fig. 23). At the crossing
site, the river was 200 feet wide and 4 feet deep. The trail across the frozen
river was laid out at a 900 angle. The 23-inch depth of the ice on the river
was not considered strong enough to support the train. A 16-inch ice bridge
was added; this total depth of 39 inches provided sufficient bearing capacity
for the train. Using this ice bridge (fig. 24), the train successfully crossed
the Gulkana River on the morning of 16 February and continued its movement
along the semiprepared trail for another 4 miles. Because one bulldozer
broke down and another became immobilized in the muskeg, the engineers
were unable to prepare the trail any farther.

Figure 23. Building ice bridge over Gulkana River.

d. Difficulties Encountered.

(1) Jackknifing of train. On the morning of 17 February, the

train's crew was instructed to continue the movement across country without

the assistance of the engineers. Breaking its own trail, the train resumed
moving over extremely adverse terrain toward the Aggressor battle group
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Figure 24. Overland Train crossing the Guikana River,
using the ice bridge.

(fig. 25). The train proceeded for approximately 2.5 miles without much
difficulty. The route followed was reconnoitered by foot to try to avoid tire
punctures. After traveling this 2.5 miles over an unprepared trail, the
train encountered a slope about 500 yards long with an approximate 50 per-
cent incline. A slight left turn was made preparatory to attempting to
traverse the slope. This slight turn caused the powered cargo trailers to
jackknife. The powered cargo trailers were realined with the power car by
cutting off the power from the powered cargo trailers and moving the power
car forward. After this realinement had been accomplished, the train
negotiated the hill without further difficulty. The adequacy of the train's
power and traction was proved by its successful ascent of this slope (fig. 26).
In addition to breaking its own trail through the scrub forest, it moved
through 2 to 3 feet of snow.

(2) Tire puncture (figs. 27 and 28). After traveling another
mile through a relatively thick growth of scrub pine, it was noted that the

first powered cargo trailer was tracking out of line. Investigation showed
that the tire on the left rear wheel of the power car has been punctured. A
spare wheel assembly had to be brought by truck from the GSB to Mile 160
on the Richardson Highway. At Mile 160, the assembly was transferred
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Figure 25. Typical terrain traversed by Overlad Train
while breaking its own trail.

Figure 26. Steep slope negotiated by the Overland Train.
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from the truck to a Nodwell Carrier RN 110 which hauled it to the train.
While this was being done, it was discovered that a 5-ton wrecker (PA62) was
in the area. The wrecker was pulled to the train site by a D-8 tractor to
provide the lift capability needed to change the wheel assembly. While the
wheel assembly and wrecker were being brought to the train site, the punc-
tured tire was being prepared for removal. It took only 3 hours to change
this wheel assembly: no difficulties developed.

Figure 27. Rear view of a punctured tire of power car.

e. Conclusion of Exercise. Exercise WILLOW FUEEZE ended
while this repair was being made so the crew was instructed to return the
train to Mile 160 on the Richardson Highway. The return move to Mile 160
was made without any difficulty or delay.

5. FINDINGS.

a. Capabilities.

(1) Mobility.

(a) Across-country. With a semiprepared trail, the
train can traverse terrain, at an average speed of 5 miles per hour, that
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Figure 28. Side view of punctured tire.

standard wheeled vehicles cannot negotiate. With this rate of speed, the
train can equal the mobility of a supported unit.

(b) Highwa . The train can move to any presolected
area over the highway with little difficulty. During the 143-mile movement
over the Glenn Highway from Palmer to the Gulkana General Support Base,
it averaged 8 miles per hour. It was able to cross all bridges on the route
except one which was too narrow. The bypassing of this arrow brate was
accomplished without difficulty, delay, or engineer preparation. At no time
was traffic on the highway delayed by the train. The train has an invaluable
capability as a logistical cargo carrier because it does not, as other cargo
carriers, have to be transported or convoyed.

(2) Power and traction. During the maneuver the power capa-
bility of the train was tested to the extreme. It was repeatedly demonstrated
that the train had sufficient power and traction to traverse the inclines and
slopes encountered. It negotiated inclines of 50 percent and side slopes of
18 percent. At one time it negotiated a 50 percent incline while breaking its
own trail through snow 2 to 3 feet deep.
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t (3) Powered cargo trailer capacity. The 15-ton powered
cargo trailers proved capable of hauling the rate payload across country
under very adverse conditions.

(4) StItabilit as cross-country leistical !epp t vehicle.
With a semiprepared trail, the train is capable f moving a tremendous
amount of cargo across country over adverse terrain 24 hours a day. Its
speed, maneuverability, and mobility make it a suitable logistical support
vehicle for a unit operating across country.

b. Problems.

(1) Power car.

(a) Changing wheel assembly. The power car has a jib
crane on the rear section to help in the loading and unloading of cargo. This
crane can also be used to facilitate the changing of the rear wheel assemblies.
There is no lifting device on the front section of the power car; consequently,
it is necessary to resort to a field expedient to change the front wheel assem-
bly. A lifting device should be installed on the front section of the power car
to facilitate changing the front wheel assembly in the field.

(b) Bmper. The bumper is not designed so as to ade-
quately protect the front wheels from being damaged by underbrush. The
bumper should extend beyond the front wheels to prevent trees that are pushed
over from falling against the front section of the power car or between the
wheels and the side of the power car. The bumper should also extend down-
ward far enough to break off small brush and stumps eveoly with the ground
to help prevent tire punctures.

(2) Powered cargo trailer.

(a) Brakn system. The powered cargo trailers are
equipped with an electric braking system. When the current is shut off or
the power car is immobilized, the brakes lock automatically, making it im-
possible to move the powered cargo trailers with another prime mover un-
less the brakes are released manually. Manual release of the brakes is
tedious and takes approximately 2 hours. An easier method of releasing the
brakes is needed.

(b) Chassis. The powered cargo trailers are not con-
structed to withstand operatin across country except over a semiprepared
trail. Consequently, cross-country operation in the maneuver area over
unprepared trails subjected the chassis of the powered cargo trailers to
severe beating by heavy brush and trees (fig. 29).
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Figure 29. Front section of cargo bed of powered cargo
trailer, showing damaged chassis.

(c) Sides and side racks. The sides and side racks of
the powered cargo trailers were also damaged as a result of being moved
through wooded areas without a semiprepared trail (fig. 30). Guard rails
for the side-rack wells were installed just before this exercise; they proved
very satisfactory. Without these guard rails, it is probable that the dense
brush would have torn the sides of the powered cargo trailers out.

(3) Tires.

(a) Fabrication. The 10-ply tires installed on the train
were not fabricated to withstand operations over such terrain as that en-
countered in the maneuver area. Three tires on the power car were punc-
tured by frozen stumps during the exercise. The side walls of other tires
were damaged by being run or jammed against frozen trees or stumps
(fig. 31). It is probable that tires of even heavier construction would have
been damaged in this operation. Heavier-ply, metal-reinforced tires would
probably be less susceptible to puncture.

(b) Availability. A great deal of time was lost because
a spare wheel assembly was not immediately available in the field. It is
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Figure 30. Damaged side racks on left side of poweried
cargo trailer.

Figure 31. Side wall of tire damaged by a froaea stump.
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Ossential that a spare wheel assembly be carried on the train. Since trans-
pfrting a wheel assembly in a powered cargo trailer would result in the less
Of vhmIlo cargo space, the train should be oq*"d with a spare wheel
assembly rack. The rack should be designed so s not to increase thi over-
all height or width of the train.

(c) Tire repair kit. *Wvehicle materiel should include
a tire repair kit. Small punctures ceoud be temporarily repaired in th field
without removing the wheel assembly or seprating the tire from th. rim. ,

(4) Moed for "mo.bil service unit. The usefuluss and availa-
bility of the Overlain[ Train, or any large off-road vehicle, would be great#
increased if a compatible mobile service unit were developed and produced.
The service unit should be equipped with a crane having a 7- to S-ton lilfting
capacity at a 10-foot radius and a blade capable of preparing a trail suitable
for ay large off-road vehicle or train. Such a service unit would make
field maintenance immediately available.

aI
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DISTRIBUTION:

USCONARC (7) USARSIX (2) TC-COT (6)
USAARMBD (1) USARAC (3) USATTC (1)
USAAVNBD (1) USARCARIB (2) USATMC (2)
USAATBD (1) USARPAC (2) USATRECOM (a)
USARADBD (1) USAREUR (2) USATCDG (1)
USAARTYBD (1) USACOUZEUR (1) USATCATC (1)
USAIB, (1) USARSEVEN (2) USATCGTC (1)
USAABELCTBD (1) USAREIGHT (2) USATCPTC (1)
TAGSUSA (1) USARYISIIX CORPS (2) USATIA (2)
PMGS (1) USART (2) TLO(various) (7)
USAOMS (1) USARHAW (2) USN-CNO (2)
USARADSCH (1) JUSMAAO (KOREA) (1) CNRSCH (1)
USAARMS (1) JUSMAAG (PHILLIPINES) (1) BUSANDA (1)
USAAMS (1) JUSMAAG (THAILAND) (1) BUDOCKS (1)
USAAVNS (1) JUSMAAG (1) BUSHIPS (1)
USACMLCSCH (1) JUSMG (SPAIN) (1) BUWEPS (1)
USACWMS (1) MAAG, 1 a (28) CE LAB (1)
USACGSC (1) USAMTAG (INDONESIA) (1) Suap RD Fac (1)
USAES (1) JUSMMAT (1) suPFANT (1)
USAIS (1) USARMIS, 1 a (7) Ant Proj Ofc (1)
USAJWTC (1) SR STDZN REP, CANADA (3) USCG-COMDT (1)
USAORDSCH (1) SR STDZN REP, UK (1) USmC-CmC (1)
USASCS (1) CMLC-CCmlO (1) Equip Bd (1)
USATSCH (1) USACMLCPG (1) LFDEvCTR (1)
USAWC (1) USACMLCTR (1) USAF-AIR RD COMD (1)
AFSC (1) USACMLERDL (1) AIR PG CTR (1)
NWC (1) CE-COE (2) AIR UNIV LIB (1)
TAGBDUSA (1) USAERDL (2) 13th AF Wea. Dot (1)
USAMSBD (1) USACRREL (1) MISC
USACMLCBD (1) USAPRDC (1) ASD (RD) (1)
USAEBD (1) WES (1) ACSI (1)
USAMPBD (1) MC-TSG (1) DCSOPS (1)
USAORDBD (1) ORDC-CofOrd (1) DCSLOG (1)
USAQMBD (1) OTAC (4) CRD (2)
LMASBD (1) APO (1) SECINT (1)
USASABD (1) USAOMC (1) ARO (2)
USAMAINTBD (1) QMC-TQMG (1) ASTIA (10)
USARONE (2) QMRECOMD (2) GPO (1)
USARTWO (2) OMFEVA (1) Lib of Congress (4)
USARTHREE (2) SisC.CSigO (1) ORO (1)
USARFOUR. (2) DCOMM (1)
USARFIVE (2)
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